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Summary. We construct conditional statements like the usual high level program lan-
guage by program blocks of SCMPDS. Roughly speaking, the article justifies such a fact that
when the condition of a conditional statement is true (false), and the true (false) branch is
shiftable, parahalting and does not contain any halting instruction, and the false branch is
shiftable, then it is halting and its computation result equals that of the true (false) branch.
The parahalting means some program halts for all states, this is strong condition. For this
reason, we introduce the notions of ‘G®sedon” and "is haltingon”. The predicate "A
is_closedon B” denotes program A is closed on state B, and "Addting.on B” denotes
program A is halting on state B. We obtain a similar theorem to the above fact by replacing
parahalting by "isclosedon” and "is_halting.on”.

MML Identifier: SCMPDS_ 6.

WWW: http://mizar.orqg/JFM/Volll/scmpds_6.html

The articles([15],[118],[[18],[[5],[16],[[17],[2],[111] [[12] [[16], [14] [ ]4] [110], 17] [11] [19],[18], and
[8] provide the notation and terminology for this paper.

1. PRELIMINARIES

For simplicity, we adopt the following conventioa:denotes an Int positiondenotes an instruction
of SCMPDS,s, s1, , denote states of SCMPDE, denotes an integel; denotes an instruction-
location of SCMPDS, antl J denote Program-blocks.

Next we state a number of propositions:

(1) For every stats of SCMPDS holds doifs{the instruction locations of SCMPDS- the
instruction locations of SCMPDS.

(2) For every stats of SCMPDS such thad is halting and for every natural numblkisuch
that LifeSpaiis) < k holds Curlnstf(Computatiors))(k)) = haltscmpps

(8) For every stats of SCMPDS such thad is halting and for every natural numblisuch
that LifeSpamS) <kholdsIC (Computations)) (k) = IC (Computatiotts))(LifeSpar(s)) -

(4) Letsy, s be states of SCMPDS. Thepands; are equal outside the instruction locations
of SCMPDS if and only ifiC ) = IC ) ands; [Data-Logcm = sz [Data-Logcm.

(5) Forevery stateof SCMPDS and for every Program-blochkolds Initializeds)+- Initialized(l ) =
s+ Initialized(l).
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(6) For every Program-block and for every instruction-locatioh of SCMPDS holdd C
[+ Start-A{l).

(7) For every states of SCMPDS and for every instruction-locatidnof SCMPDS holds
s|Data-Logcm = (s+- Start-At(l) ) [Data-Logcm.

(8) For every states of SCMPDS and for every Program-blotkand for every instruction-
locationl of SCMPDS holds|Data-Logcm = (s+-(1+- Start-At(l))) [Data-Logcw.

(9) For every states of SCMPDS and for every Program-blo¢kholds s[Data-Logcy =
(s+- Initialized(l)) [ Data-LoGcm.

(10) Letsbe a state of SCMPDS athdbe an instruction-location of SCMPDS. Then dgithe
instruction locations of SCMPDS) misses dom StarthAt

(11) Letsbe a state of SCMPDS$, J be Program-blocks, anldbe an instruction-location of
SCMPDS. Thers+-(I+- Start-Afl)) ands+-(J+- Start-Afl)) are equal outside the instruc-
tion locations of SCMPDS.

(12) Lets, s be states of SCMPDS andJ be Program-blocks. SupposgData-Logcy =
sy [Data-Logcm. Then sp+- Initialized(l) and s+ Initialized(J) are equal outside the in-
struction locations of SCMPDS.

(13) Letl be a programmed finite partial state of SCMPDS an a set. Ifx € doml, then
[ (x) is an instruction of SCMPDS.

(14) For every stats of SCMPDS and for all instruction-locations, 13 of SCMPDS holds
s+ Start-Afl2)+- Start-Atl3) = s+- Start-Afl3).

(15) cardi; ) =card +1.

(26) (i; 1)(insposQ =i.

(27) 1 Clnitialized(stopl).

(18) Ifly € doml, thenl; € domstop.

(19) Ifl1 € doml, then(stopl)(l1) =1(l1).

(20) Ifl1 € doml, then(Initialized(stopl ))(11) = I (I1).
(21) ICsy initialized() = INSPOSO

(22) Curlnstfs+- Initialized(stopi; 1)) = i.

(23) For every stateof SCMPDS and for all natural numbers, m, such thalC s = insposm
holds ICplusCongs, my) = insposm + M.

(24) For all Program-blockk J holds Shif{stopJ, cardl) C stopl; J.

(25) insposcarte domstog and(stopl)(insposcardl) = haltscmpps

(26) Forallinstruction-locations | of SCMPDS holdglExedJ, s))(x) = (IExed!,s)+- Start-Atl))(X).

(27) For all instruction-locations, | of SCMPDS holdgIExed,s))(x) = (s+- Start-Afl))(x).

(28) Letsbe a state of SCMPD$,be a No-StopCode parahalting instruction of SCMPDS,
be a parahalting shiftable Program-block, arfze an Int position. TheflExed(i; J,s))(a) =
(IExedJ, Exed, Initialized(s))))(a).

(29) For every Int positiom and for all integergs, ks holds(a, ki) <> 0_gotoky # haltscmpps
(30) Forevery Int positiom and for all integerss, k, holds(a, k;) <= 0_gotok; # haltscmpps

(31) Forevery Int positiom and for all integergs, ky holds(a, k; ) >= 0_gotok; # haltscmpps
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Let us considek;. The functor Got¢k; ) yielding a Program-block is defined by:
(Def. 1) Gotdk;) = Loadgotoky).

Let n be a natural number. Observe that gfte- 1) is No-StopCode and gote-(n+ 1)) is
No-StopCode.

Let n be a natural number. Note that Gter 1) is No-StopCode and Gote (n+ 1)) is No-
StopCode.

One can prove the following propositions:
(32) cardGotck;) = 1.
(33) inspos@ domGotdk;) and(Goto(ks))(insposQ = gotok;.

2. THE PREDICATES OF ISCLOSED.ON AND IS_HALTING _ON

Let| be a Program-block and lstbe a state of SCMPDS. We say thas closed orsif and only
if:

(Def. 2)  For every natural numb&holdsIC computations+- Initialized(stopl ))) (k) € domstod.
We say that is halting onsif and only if:
(Def. 3) s+-Initialized(stopl) is halting.
Next we state a number of propositions:

(34) For every Program-blodkholdsl is paraclosed iff for every stasof SCMPDS holds is
closed ors.

(35) For every Program-blodkholdsl is parahalting iff for every stateof SCMPDS holds is
halting ons.

(36) Lets;, s, be states of SCMPDS anid be a Program-block. If;[Data-Logcy =
sp[Data-Logcwm, then ifl is closed orsy, thenl is closed ors;.

(37) Lets), s, be states of SCMPDS aridbe a Program-block. Supposg Data-Logcy =

s [Data-Logcnm. Supposd is closed ors; and halting ons;. Thenl is closed ons, and
halting ons,.

(38) For every state of SCMPDS and for all Program-blocksJ holdsl is closed orsiff | is
closed ors+- Initialized(J).

(39) Letl, J be Program-blocks anslbe a state of SCMPDS. Suppolsés closed ons and
halting ons. Then

(i) for every natural numbek such thatk < LifeSpar{s+-Initialized(stopl)) holds
IC (computatiots+ Initialized(stop!))) (k) = IC (Computatiois+ Initialized(stopl; 3)))(k)» @nd

(i)  (Computatiofis+- Initialized(stopl )))(LifeSpar(s+- Initialized(stopl ))) | Data-Logcm =
(Computatioiis+- Initialized(stopl ; J))) (LifeSpar(s+- Initialized(stopl ) ) ) [Data-Logcm.

(40) Letl be a Program-block arldbe a natural number. Ifis closed ors and halting ors and
k < LifeSpar(s+- Initialized(stopl ) ), thenlC computatiois+- Initialized(stop )))(k) € doml.

(41) Letl, J be Program-blockss be a state of SCMPDS, arkl be a natural number.
Supposd is closed ons and halting ons andk < LifeSpar(s+: Initialized(stopl )). Then
Curlnst((Computatiofis+- Initialized(stopl ) ) ) (k) ) = Curlnst (Computatioris+- Initialized(stopl; J)))(k)).

(42) Letl be a No-StopCode Program-blockbe a state of SCMPDS, arldbe a natural
number. Ifl is closed ors and halting ors andk < LifeSpar(s+- Initialized(stopl )), then
Curlnsti((Computatioris+- Initialized(stopl )) ) (K)) # haltscmpps
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(43) Letl be a No-StopCode Program-block etk a state of SCMPDS. Ifis closed orsand
halting ons, thenlc(Computatior(\s+-Initialized(stopl)))(LifeSpar{s%-Initialized(stopl))) = inspos card.

(44) Letl, J be Program-blocks anslbe a state of SCMPDS. Suppolsés closed ons and
halting ons. Thenl; Goto(card] +1); J is halting ons andl; Goto(card] +1); J is closed
ons.

(45) Let | be a shiftable Program-block.  Suppose Initialigdpl) C s; and | is
closed ons;. Let n be a natural number.  Suppose Ssifopl,n) C s, and
IC(s,) = inspos and s;[Data-Logcm = sp[Data-Logem. Let i be a natural number.

Then IC(Computatior(lsi))(i) +n= IC(ComputatiomSQ))(i) and Curlinstf(Computatioiis, ) )(i)) =
Curlnst((Computatiofisy))(i)) and(Computatioris; ) ) (i) [Data-Logcm = (Computationisy) ) (i) [Data-Logcm.

(46) Letsbe a state of SCMPDS, be a No-StopCode Program-block, ahtbe a Program-
block. If I is closed ors and halting ors, thenIC exeq; Gotacardi+1); J,s) = INSPOs card +
card] + 1.

(47) Letsbe a state of SCMPDS, be a No-StopCode Program-block, ahdée a Program-
block. If | is closed ons and halting ons, then IExe¢l; Goto(card] + 1); J,s) =
IExed,s)+- Start-At(inspos cardi 4 card] + 1).

(48) Letsbe a state of SCMPDS aricbe a No-StopCode Program-block.lIfs closed ors
and halting ors, thenIC gyeq s) = inspos card.

3. THE CONSTRUCTION OFCONDITIONAL STATEMENTS

Let a be an Int position, lek be an integer, and ldt J be Program-blocks. The functdra =
kthen | elseJ yielding a Program-block is defined as follows:

(Def. 4) if a=kthenl elseJ = ((a,k) <> 0_goto card + 2); |; Goto(card] +1); J.
The functorif a > kthen | elseJ yields a Program-block and is defined as follows:

(Def. 5) if a> kthenl elseJ = ((a,k) <= 0_goto card + 2); |; Goto(card] + 1); J.
The functorif a < kthen | elseJ yields a Program-block and is defined by:

(Def. 6) if a<kthenl elsed = ((a,k) >= 0_goto card +2); |; Goto(card] + 1); J.

Let a be an Int position, lek be an integer, and létbe a Program-block. The functdra =
O0thenk elsel yields a Program-block and is defined as follows:

(Def. 7) if a=0thenkelsel = ((a k) <> 0_goto card +1); I.
The functorif a # 0then k elsel yielding a Program-block is defined by:
(Def. 8) if a# 0thenkelsel = ((a,k) <> 0_-goto2); goto(cardl +1); I.
The functorif a > 0then k elsel yielding a Program-block is defined as follows:
(Def. 9) if a>0thenkelsel = ((a,k) <=0_goto card +1); I.
The functorif a < 0thenk elsel yields a Program-block and is defined as follows:
(Def. 10) if a<Othenkelsel = ((a,k) <=0_goto2); goto(card +1); I.
The functorif a < 0then k elsel yields a Program-block and is defined by:
(Def. 11) if a<Othenkelsel = ((a,k) >=0_goto card +1); I.
The functorif a> 0thenk elsel yielding a Program-block is defined as follows:

(Def. 12) if a>0thenkelsel = ((a k) >= 0_goto 2); goto(cardl +1); I.
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4. THE COMPUTATION OF“IF VAR=0 THEN BLOCK1 ELSE BLOCK2”"

One can prove the following propositions:

(49) cardif a=k; then| elseJ) = cardl + card] + 2.
(50) inspos@= dom(if a=kj; then| elseJ) and inspos & dom(if a= k; then| elseJ).
(51) (if a=kqthenl elsed)(insposQ = (a,k;) <> 0_goto card + 2.

(52) Letsbe a state of SCMPDS$, J be shiftable Program-blocka,be an Int position, ankh
be an integer. SupposéDatal.ods(a),k;)) = 0 andl is closed ors and halting ors. Then
if a= kg then| elsed is closed ors andif a= k; then| elseJ is halting ons.

(53) Letsbe a state of SCMPD$ be a Program-block] be a shiftable Program-blocbe an
Int position, andk; be an integer. SupposéDatal.ods(a),ki)) # 0 andJ is closed ors and
halting ons. Thenif a= k; then| elsed is closed ors andif a = k; then | elseJ is halting
ons.

(54) Letsbe a state of SCMPD$ be a No-StopCode shiftable Program-blogke a shiftable
Program-blocka be an Int position, an#; be an integer. SupposéDatalLods(a),ki)) =
0 and | is closed ons and halting ons. Then IExe¢if a = kj then| elseJ,s) =
IExedl,s)+- Start-At(inspos cardi 4 card] + 2).

(55) Lets be a state of SCMPDS, be a Program-block,) be a No-StopCode shiftable
Program-blocka be an Int position, an#; be an integer. SupposéDatalogs(a),k;)) #
0 and J is closed ons and halting ons. Then IExe¢if a = k; then| elsed,s) =
IExedJ, s)+- Start-At(inspos cardi+ card] + 2).

Letl, J be shiftable parahalting Program-blocks,déte an Int position, and lég be an integer.
Note thatif a =k then| elsed is shiftable and parahalting.

Letl, J be No-StopCode Program-blocks, ¢&be an Int position, and ldé4 be an integer. Note
thatif a= kjy then | elseJ is No-StopCode.

We now state three propositions:

(56) Letsbe a state of SCMPDS$, J be No-StopCode shiftable parahalting Program-blocks,
abe an Int position, anl; be an integer. ThetC gxeqif a—k; then I elsed,s) = INSPoscard +
cardJ+ 2.

(57) Lets be a state of SCMPDS| be a No-StopCode shiftable parahalting Program-
block, J be a shiftable Program-blocla, b be Int positions, andk; be an integer. If
s(DataLods(a),ki)) = 0, then(IExed(if a=kj then | elseJ,s))(b) = (IExeql,s))(b).

(58) Lets be a state of SCMPDS, be a Program-block) be a No-StopCode parahalting
shiftable Program-blocla, b be Int positions, an#; be an integer. I§(DataLogs(a),k)) #
0, then(IExed(if a=kj then | elseJ,s))(b) = (IExedJ,s))(b).

5. THE COMPUTATION OF “IF VAR=0 THEN BLOCK”
We now state several propositions:
(59) cardif a=0thenk; elsel) = cardl + 1.
(60) inspos @ dom(if a= 0thenk; elsel).
(61) (if a=0thenk; elsel)(insposQ = (a,k;) <> 0_goto card + 1.

(62) Letsbe a state of SCMPD$,be a shiftable Program-bloclk,be an Int position, ané
be an integer. SupposéDatal.ods(a),k;)) = 0 andl is closed ors and halting ors. Then
if a= 0thenk; elsel is closed ors andif a= 0thenk; elsel is halting ons.
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(63) Letsbe a state of SCMPDS, be a Program-blocka be an Int position, an#t; be an
integer. Ifs(DataLods(a),k;)) # 0, thenif a = 0thenk; elsel is closed ors andif a =
0 thenk; elsel is halting ons.

(64) Letsbe a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position, andk; be an integer. SuppostDatalogs(a),k;)) = 0 andl is closed ors and
halting ons. Then IExe¢if a=0thenk; elsel,s) = IExed!,s)+- Start-Atinsposcardi+ 1).

(65) Let s be a state of SCMPDS| be a Program-blocka be an Int position, and
ki be an integer. Ifs(DataLods(a),ki)) # O, then IExe¢if a = Othenk; elsel,s) =
s+- Start-Af(insposcardl+ 1).

Let| be a shiftable parahalting Program-block,ddie an Int position, and lé4 be an integer.
One can verify thaif a = 0then k; elsel is shiftable and parahalting.

Letl be a No-StopCode Program-block,ddte an Int position, and lé4 be an integer. Observe
thatif a= 0thenk; elsel is No-StopCode.

Next we state three propositions:

(66) Letsbe a state of SCMPD3$,be a No-StopCode shiftable parahalting Program-black,
be an Int position, ankh be an integer. ThelC |gxeqit a0 then k; elsel,s) = INSposcardi+ 1.

(67) Letsbe a state of SCMPDS, be a No-StopCode shiftable parahalting Program-block,
a, b be Int positions, andt; be an integer. I5(DataLods(a), k1)) = 0, then (IExedif a =
Othenk; elsel,s))(b) = (IExeql,s))(b).

(68) Letsbe a state of SCMPDS, be a Program-blockg, b be Int positions, andt; be an
integer. Ifs(DataLods(a),ki)) # O, then(IExed(if a= 0thenk; elsel,s))(b) = s(b).

6. THE COMPUTATION OF“IF VAR ¢ OTHEN BLOCK”
Next we state several propositions:

(69) cardif a# 0thenk; elsel) = card + 2.
(70) inspos Q= dom(if a # Othenk; elsel ) and inspos & dom(if a # 0then k; elsel).

(71) (if a#0thenk; elsel)(insposQ = (a, ki) <> 0_goto2 andif as 0thenk; elsel)(inspos) =
goto(cardl + 1).

(72) Letsbe a state of SCMPD$,be a shiftable Program-block,be an Int position, an#;
be an integer. SupposéDatal.ods(a),k;)) # 0 andl is closed ors and halting ors. Then
if a# 0thenk; elsel is closed ors andif a # 0then k; elsel is halting ons.

(73) Lets be a state of SCMPDS, be a Program-blocka be an Int position, an#; be an
integer. Ifs(DatalLods(a),k;)) = 0, thenif a # Othenk; elsel is closed ors andif a #
0thenk; elsel is halting ons.

(74) Letsbe a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position, andk; be an integer. SuppostDatalogs(a),ki)) # 0 andl is closed ors and
halting ons. Then IExe¢if a+£ 0thenk; elsel,s) = IExedl,s)+- Start-Atinspos cardl+ 2).

(75) Let s be a state of SCMPDS| be a Program-blocka be an Int position, and
ki be an integer. Ifs(DataLods(a),ki)) = O, then IExe¢if a # Othenk; elsel,s) =
s+- Start-Atinsposcardl+ 2).

Let| be a shiftable parahalting Program-block,ddie an Int position, and lé4 be an integer.
Observe thaif a# 0then k; elsel is shiftable and parahalting.

Let| be a No-StopCode Program-block, &be an Int position, and ld¢ be an integer. One
can check thaf a # 0then k; elsel is No-StopCode.

One can prove the following three propositions:
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(76) Letsbe a state of SCMPD$3,be a No-StopCode shiftable parahalting Program-black,
be an Int position, anky be an integer. ThelC |gxeqif a40 then k; elsel.s) = INSPos cardi+ 2.

(77) Letsbe a state of SCMPDS, be a No-StopCode shiftable parahalting Program-block,
a, b be Int positions, andl; be an integer. I5(DataLods(a), k1)) # 0, then (IExed(if a #
Othenk; elsel,s))(b) = (IExedl,s))(b).

(78) Letsbe a state of SCMPDS, be a Program-blockg, b be Int positions, andt; be an
integer. Ifs(DataLods(a),k;)) = 0, then(IExeq(if a# 0thenk; elsel,s))(b) = s(b).

7. THE COMPUTATION OF“IF VAR¢, OTHEN BLOCK1 ELSE BLOCK2"
We now state several propositions:

(79) cardif a> kg then| elsed) = cardl 4 card] + 2.
(80) inspos Q= dom(if a> ki then | elsed) and inspos & dom(if a > k; then | elseJ).
(81) (if a> kg then| elseJ)(inspos(Q = (a,k;) <= 0_goto card + 2.

(82) Letsbe a state of SCMPD$, J be shiftable Program-blocka,be an Int position, ankh
be an integer. SupposéDatalogs(a),ky)) > 0 andl is closed ors and halting ors. Then
if a> kg then| elsel is closed ors andif a > k; then | elseJ is halting ons.

(83) Letsbe a state of SCMPD$ be a Program-blocK) be a shiftable Program-blocabe an
Int position, andk; be an integer. SupposéDatal ods(a),ki)) < 0 andJ is closed ors and
halting ons. Thenif a > k; then| elseJ is closed ors andif a > k; then | elseJ is halting
ons.

(84) Letsbe a state of SCMPD$ be a No-StopCode shiftable Program-blogke a shiftable
Program-blocka be an Int position, an#; be an integer. SupposéDatalLods(a),ky)) >
0 and | is closed ons and halting ons. Then IExe¢if a > k; then| elselJ,s) =
IExedl,s)+- Start-At(inspos cardi 4 card] + 2).

(85) Lets be a state of SCMPDS, be a Program-block,) be a No-StopCode shiftable
Program-blocka be an Int position, an#; be an integer. SupposéDatalLods(a),ky)) <
0 and J is closed ons and halting ons. Then IExe¢if a > kj then| elseJ,s) =
IExedJ, s)+- Start-At(inspos cardi 4 card] + 2).

Letl, J be shiftable parahalting Program-blocks,déte an Int position, and ldg be an integer.
Observe thaif a > k; then | elsed is shiftable and parahalting.

Letl, J be No-StopCode Program-blocks, égbe an Int position, and ldég be an integer. Note
thatif a > k; then | elseJ is No-StopCode.

The following three propositions are true:

(86) Letsbe a state of SCMPD$, J be No-StopCode shiftable parahalting Program-blocks,
a be an Int position, anl; be an integer. ThelC exeqif a>k; then I elsed;s) = iNSpPos card +
card] + 2.

(87) Lets be a state of SCMPDS| be a No-StopCode shiftable parahalting Program-
block, J be a shiftable Program-blocla, b be Int positions, andk; be an integer. If
s(DataLods(a),ky)) > 0, then(IExed(if a > ki then | elseJ,s))(b) = (IExeql,s))(b).

(88) Lets be a state of SCMPDS, be a Program-block) be a No-StopCode parahalting
shiftable Program-blocla, b be Int positions, an#l; be an integer. I§(DataLods(a),ki)) <
0, then(IExed(if a> ki then | elseJ,s))(b) = (IExedJ,s))(b).
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8. THE COMPUTATION OF “IF VAR ¢,0THEN BLOCK”
Next we state several propositions:

(89) cardif a> 0thenk; elsel) = card + 1.
(90) inspos(@= dom(if a > Othenk; elsel).
(91) (if a> Othenk; elsel)(insposQ = (a,k;) <= 0_goto card + 1.

(92) Letsbe a state of SCMPD$,be a shiftable Program-bloclk,be an Int position, an#;
be an integer. SupposéDatal.ods(a),k;)) > 0 andl is closed ors and halting ors. Then
if a> 0thenk; elsel is closed ors andif a > 0 then k; elsel is halting ons.

(93) Lets be a state of SCMPDS, be a Program-blocka be an Int position, an#t; be an
integer. Ifs(DataLogs(a),ki)) < 0, thenif a > Othenk; elsel is closed ons andif a >
0thenk; elsel is halting ons.

(94) Letsbe a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position, andk; be an integer. Supposg¢DatalLogs(a),ki)) > 0 andl is closed ons and
halting ons. Then IExe¢if a> 0thenk; elsel,s) = IExedl,s)+- Start-Ainsposcardl+ 1).

(95) Lets be a state of SCMPDS| be a Program-blocka be an Int position, and
ki be an integer. Ifs(DataLods(a),ki)) < O, then IExe¢if a > Othenk; elsel,s) =
s+- Start-Atinspos cardl+ 1).

Let| be a shiftable parahalting Program-block,ddie an Int position, and lé4 be an integer.
Observe thaif a > 0then k; elsel is shiftable and parahalting.

Letl be a No-StopCode Program-block, édte an Int position, and l&; be an integer. Observe
thatif a > 0 thenk; elsel is No-StopCode.

We now state three propositions:

(96) Letsbe a state of SCMPD$,be a No-StopCode shiftable parahalting Program-black,
be an Int position, ank; be an integer. ThelC igyeqif a0 then k; elsel.s) = iNSpos cardi+ 1.

(97) Letsbe a state of SCMPDS, be a No-StopCode shiftable parahalting Program-block,
a, b be Int positions, an#; be an integer. I§(DatalLods(a),ki)) > 0, then (IExedif a >
Othenk; elsel,s))(b) = (IExedl,s))(b).

(98) Lets be a state of SCMPDS, be a Program-blocka, b be Int positions, andt; be an
integer. Ifs(DatalLods(a),k;)) <0, then(IExeq(if a > 0thenk; elsel,s))(b) = s(b).

9. THE COMPUTATION OF“IF VARj=0 THEN BLOCK”"
Next we state several propositions:

(99) cardif a<0thenk; elsel) = cardl + 2.
(100) inspos@ dom(if a < 0thenk; elsel) and inspos & dom(if a < 0thenk; elsel).

(101) (if a<Othenk; elsel)(insposQ = (a, ki) <=0_goto2 andif a< 0thenk; elsel)(insposl =
goto(cardl +1).

(102) Letsbe a state of SCMPD$,be a shiftable Program-block,be an Int position, an#;
be an integer. SupposéDatal.ods(a),k;)) < 0 andl is closed ors and halting ors. Then
if a < 0thenk; elsel is closed ors andif a < 0thenk; elsel is halting ons.

(103) Lets be a state of SCMPDS, be a Program-blocka be an Int position, an#t; be an
integer. Ifs(DataLogs(a),ki)) > 0, thenif a < Othenk; elsel is closed ons andif a <
0thenk; elsel is halting ons.
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(104) Lets be a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position, andk; be an integer. Suppos¢tDatalo¢s(a),k;)) < 0 andl is closed ors and
halting ons. Then IExe¢if a<0thenk; elsel,s) = IExedl,s)+- Start-Atinspos cardl+ 2).

(105) Lets be a state of SCMPDS| be a Program-blocka be an Int position, and
ki be an integer. Ifs(DataLods(a),ki)) > O, then IExe¢if a < Othenk; elsel,s) =
s+- Start-Af(inspos cardl+ 2).

Let | be a shiftable parahalting Program-block,ddie an Int position, and lég be an integer.
Note thatif a < 0thenk; elsel is shiftable and parahalting.

Let| be a No-StopCode Program-block, gebe an Int position, and ld¢ be an integer. Note
thatif a < 0thenk; elsel is No-StopCode.

One can prove the following three propositions:

(106) Letsbe a state of SCMPD$,be a No-StopCode shiftable parahalting Program-black,
be an Int position, anky be an integer. ThelC |gxeqit a<o then k; elsel.s) = INSpPos cardi+ 2.

(107) Lets be a state of SCMPDS, be a No-StopCode shiftable parahalting Program-block,
a, b be Int positions, antt; be an integer. I5(DataLods(a),k;)) < 0, then (IExed(if a <
Othenk; elsel,s))(b) = (IExedl,s))(b).

(108) Letsbe a state of SCMPDS, be a Program-blocka, b be Int positions, an#; be an
integer. Ifs(DataLods(a),ky)) > 0, then(IExeq(if a < 0thenk; elsel,s))(b) = s(b).

10. THE COMPUTATION OF“IF VAR{jO THEN BLOCK1 ELSE BLOCK2”

Next we state several propositions:

(109) cardif a < k; then| elseJ) = cardl + card] + 2.
(110) inspos@ dom(if a < ki then | elseJ) and inspos & dom(if a < k; then | elseJ).
(111) (if a< kg thenl elsed)(inspos(Q = (a,k;) >= 0_goto card + 2.

(112) Letsbe a state of SCMPD$, J be shiftable Program-blocka,be an Int position, ani;
be an integer. SupposéDatalogs(a),k;)) < 0 andl is closed ors and halting ors. Then
if a< kg then| elseld is closed ors andif a < k; then | elseJ is halting ons.

(113) Letsbe a state of SCMPD$ be a Program-blockl be a shiftable Program-blocibe an
Int position, andk; be an integer. SupposéDatalods(a),ki)) > 0 andJ is closed orsand
halting ons. Thenif a < k; then| elsed is closed ors andif a < k; then | elsed is halting
ons.

(114) Letsbe a state of SCMPD$ be a No-StopCode shiftable Program-blogke a shiftable
Program-blocka be an Int position, an#; be an integer. SupposéDatalLods(a),ky)) <
0 and | is closed ons and halting ons. Then IExe¢if a < k; then| elselJ,s) =
IExeq(l,s)+- Start-Ainspos cardl+ card] + 2).

(115) Lets be a state of SCMPDSY, be a Program-block] be a No-StopCode shiftable
Program-blocka be an Int position, ané; be an integer. SupposéDatalods(a),k;)) >
0 and J is closed ons and halting ons. Then IExe¢if a < kj thenl elseJ,s) =
IExedJ, s)+- Start-At(inspos card+ card] + 2).

Letl, J be shiftable parahalting Program-blocks,déte an Int position, and ldg be an integer.
One can check thaft a < k; then | elsel is shiftable and parahalting.

Letl, J be No-StopCode Program-blocks, ¢égbe an Int position, and lég be an integer. Note
thatif a < ky then| elsed is No-StopCode.

The following propositions are true:
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(116) Letsbe a state of SCMPD$, J be No-StopCode shiftable parahalting Program-blocks,
a be an Int position, anld; be an integer. ThetC gxeqif a<k; then I elsed,s) = INSPos card +
cardJ+2.

(117) Lets be a state of SCMPDS| be a No-StopCode shiftable parahalting Program-
block, J be a shiftable Program-blocla, b be Int positions, andk; be an integer. |If
s(DataLods(a), k1)) < 0, then(IExed(if a < ki then | elseJ,s))(b) = (IExeq(,s))(b).

(118) Lets be a state of SCMPDS, be a Program-block) be a No-StopCode parahalting
shiftable Program-blocla, b be Int positions, an#; be an integer. 1§(DataLods(a),k;)) >
0, then(IExed(if a < ki then | elseJ,s))(b) = (IExedJ,s))(b).

11. THE COMPUTATION OF“IF VAR{O THEN BLOCK”
Next we state several propositions:

(119) cardif a< 0thenk; elsel) = cardl + 1.
(120) inspos @ dom(if a < Othenk; elsel).
(121) (if a<Othenk; elsel)(inspos(Q = (a,k;) >= 0_goto card + 1.

(122) Letsbe a state of SCMPD$,be a shiftable Program-bloclk,be an Int position, an#;
be an integer. SupposéDatal.ods(a),k;)) < 0 andl is closed ors and halting ors. Then
if a< 0thenk; elsel is closed ors andif a < 0then k; elsel is halting ons.

(123) Lets be a state of SCMPDS, be a Program-blocka be an Int position, an#f; be an
integer. Ifs(DataLodgs(a),ki)) > 0, thenif a < Othenk; elsel is closed ons andif a <
0thenk; elsel is halting ons.

(124) Letsbe a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position, andk; be an integer. Suppos¢Datalods(a),ki)) < 0 andl is closed ors and
halting ons. Then |Exe¢if a < 0thenk; elsel,s) = I[Exeq(,s)+- Start-Afinsposcardl+ 1).

(125) Lets be a state of SCMPDS| be a Program-blocka be an Int position, and
ki be an integer. Ifs(DatalLods(a),ki)) > O, then IExe¢if a < Othenk; elsel,s) =
s+- Start-Atinsposcardl+ 1).

Let| be a shiftable parahalting Program-block,ddie an Int position, and lé4 be an integer.
Observe thaif a < 0then k; elsel is shiftable and parahalting.

Let| be a No-StopCode Program-block, sebe an Int position, and ld¢; be an integer. Note
thatif a < Othenk; elsel is No-StopCode.

One can prove the following three propositions:

(126) Letsbe a state of SCMPD$,be a No-StopCode shiftable parahalting Program-black,
be an Int position, ankh be an integer. ThelC |gxeqif a<0 then k; elsel,s) = INSposcardi+ 1.

(127) Lets be a state of SCMPDS, be a No-StopCode shiftable parahalting Program-block,
a, b be Int positions, anét; be an integer. I§(DataLogs(a),ki1)) < 0, then (IExed(if a <
Othenk; elsel,s))(b) = (IExedl,s))(b).

(128) Lets be a state of SCMPDS, be a Program-blocka, b be Int positions, andt; be an
integer. Ifs(DatalLods(a),ki)) > 0, then(IExeq(if a < 0thenk; elsel,s))(b) = s(b).
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12. THE COMPUTATION OF “IF VAR ¢, =0THEN BLOCK”
Next we state several propositions:
(129) cardif a> Othenk; elsel) = cardl + 2.
(130) inspos@ dom(if a > Othen k; elsel) and inspos & dom(if a > 0 thenk; elsel).

(131) (if a>0thenky elsel)(insposQ = (a,ki) >=0_goto 2 andif a> 0thenk; elsel)(insposl =
goto(cardl +1).

(132) Letsbe a state of SCMPD$,be a shiftable Program-block,be an Int position, an#é;
be an integer. SupposéDatalLocs(a),ki)) > 0 andl is closed ors and halting ors. Then
if a> 0thenk; elsel is closed ors andif a > 0 then k; elsel is halting ons.

(133) Lets be a state of SCMPDS, be a Program-blocka be an Int position, an#; be an
integer. Ifs(DataLods(a),k1)) < 0, thenif a > Othenk; elsel is closed ons andif a >
0thenk; elsel is halting ons.

(134) Lets be a state of SCMPDS, be a No-StopCode shiftable Program-bloakhe an Int
position, andk; be an integer. Supposg¢DatalLogs(a),ki)) > 0 andl is closed ons and
halting ons. Then IExe¢if a> 0thenk; elsel,s) = IExedl,s)+- Start-Ainspos cardl+ 2).

(135) Lets be a state of SCMPDS| be a Program-blocka be an Int position, and
ki be an integer. Ifs(DataLods(a),ki)) < O, then IExe¢if a > Othenk; elsel,s) =
s+- Start-Atinspos cardl+ 2).

Let| be a shiftable parahalting Program-block,ddie an Int position, and lé4 be an integer.
One can verify thaif a > 0then k; elsel is shiftable and parahalting.

Let | be a No-StopCode Program-block, &be an Int position, and ld; be an integer. One
can check thaf a> 0thenk; elsel is No-StopCode.

We now state three propositions:

(136) Letsbe a state of SCMPD$,be a No-StopCode shiftable parahalting Program-black,
be an Int position, anky be an integer. ThelC igyeqif a>0 then k; elsel s) = iINSPOs cardi+ 2.

(137) Lets be a state of SCMPDS, be a No-StopCode shiftable parahalting Program-block,
a, b be Int positions, anét; be an integer. I§(DataLogs(a),k;)) > O, then (IExed(if a >
Othenk; elsel,s))(b) = (IExeql,s))(b).

(138) Lets be a state of SCMPDS, be a Program-blockg, b be Int positions, and; be an
integer. Ifs(DataLods(a),k;)) < 0, then(IExeq(if a > 0thenk; elsel,s))(b) = s(b).
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